Introduction
Extracorporeal membrane oxygenation (ECMO) support is well-established technology that provides both circulatory and respiratory support in patients with severe refractory cardiopulmonary failure.
1 ECMO stabilizes hemodynamics quickly in patients with severe hemodynamic and respiratory instability. While hemodynamics are restored and stabilized by ECMO, end-organ function is allowed to recover. 2 Patients on ECMO are decannulated once organ recovery criteria are met. If cardiac recovery has not occurred, the patient can be assessed for implantable mechanical support.
Systemic inflammatory response syndrome (SIRS), including fever, leukocytosis, and vasodilation is often observed during ECMO and related to either the ECMO circuit and/or the patient disease processes. 3 This SIRS phenomenon during ECMO generally resolves as the primary disease is treated; the SIRS phenomenon should always be absent at the time of decannulation. However, we have often encountered the SIRS phenomenon after ECMO decannulation. The long-standing cannula and extracorporeal circuit kept for a period of time during ECMO may be responsible for blood stream infections. 4 Similarly, long-term ventilator support may increase the chance of ventilator associated pneumonia and subsequent development of sepsis. 4 Additionally, surgical interventions required for repair of the vessel after decannulation may complicate the postoperative course. Understanding the nature of the post-decannulation SIRS phenomenon and differentiating the similar clinical presentations of SIRS from sepsis could be important for clinicians who manage ECMO patients, since this can affect patient outcomes. Although we frequently observe these SIRS phenomena after ECMO decannulation, to our knowledge, no research about this issue has been undertaken. Thus, we performed this retrospective study in order to 1) identify the incidence of post-decannulation SIRS, 2) find the incidence of infection,
3) investigate the possibility of differentiating SIRS from infection, and 4) study the outcome of patients based on the presence of SIRS or infection.
Methods
Between July 2010 and June 2014, 122 ECMO procedures via peripheral cannulation were performed at our institution. 4, 5 Medical records of patients who survived ECMO were reviewed, and their pre-, intra-, and post-ECMO data were entered into a structured database after approval from the institutional review board. Patients who died within 48 hours of ECMO decannulation were excluded from the study.
Veno-arterial ECMO from femoral cannulation was used for patients with cardiac failure. 4 Patients with respiratory failure underwent veno-venous ECMO via single right internal jugular cannulation, 5 although a minority of these patients underwent veno-arterial ECMO due to anatomy, severe hypotension, ventricular failure, or technical reasons. ECMO circuits included a Rotaflow centrifugal pump (Maquet, Rastatt, Germany) and a Quadrox-D diffusion membrane hollow-fiber oxygenator (Maquet, Rastatt, Germany). All patients were afebrile without evidence of on-going active infection or SIRS at the time of decannulation, per our institutional practice guidelines. ECMO decannulation was performed in the operating room with direct vessel repair. 4, 5 Peri-operative antibiotics were used for only 24 hours post-decannulation unless a course of antibiotics initiated during ECMO were being completed. Antibiotics were extended past 24 hours post-decannulation based on clinical judgment if a patient exhibited signs of a new infection.
Post-ECMO decannulation "SIRS phenomenon" was defined as having 2 out of the 3 of the following criteria after ECMO decannulation regardless of the presence of infection: fever (temperature > 101.5 °F), leukocytosis (white blood cell [WBC] >12,000, or 25% increase from pre-decannulation baseline), and escalation of vasopressors compared to the patient's pre-decannulation baseline. Other diagnostic criteria of the SIRS, such as increase in heart rate or respiratory rate were not used for this study since these may be artificially modified due to the use of inotropes, degree of sedation, and ventilator settings. The patients who were found to have the SIRS phenomenon were further divided into 2 groups: SIRS phenomenon with evidence of infection (Group I) and true SIRS without evidence of infection (Group TS). Evidence of infection included positive blood, sputum, wound, or stool cultures.
The presence of the infection was divided into "carried over" which was defined as infection present at the time of cannulation or during ECMO, but controlled appropriately at the time of the decannulation, and "new infection after ECMO decannulation" which was defined as culture positive infection diagnosed after ECMO decannulation. Figure 1 illustrates the division of patient groups used in the study.
Risk factors including patient demographics, pre-ECMO, intra-ECMO, and post-ECMO parameters were retrospectively analyzed to identify risk factors of developing the post-decannulation SIRS phenomenon and variables that can differentiate between post-decannulation infection and true SIRS. Categorical variables and continuous variables were compared between the two groups using ChiSquare analysis (Fisher tests if small sample size) or two-tailed t-test, as appropriate. A p-value of less than 0.05 was considered to be significant.
Results
A total of 62 patients who survived ECMO were identified during the study period. Among them, 37 (60%) patients developed the SIRS phenomenon based on the criteria. Table 1 Among those who had post-decannulation SIRS phenomenon, 22 patients (59% among SIRS phenomenon patients, 35% among all studied patients) had evidence of infection (Group I): bacteremia in 7 (32%), pneumonia in 12 (56%), surgical site infection in 3 (14%), and Clostridium difficile infection in 1 (4.5%), with 5 patients having overlapping infections. Out of these 22 patients, 9 patients (41%) had carried over an infection that developed either at the time of ECMO cannulation or during ECMO, although these infections had been controlled with appropriate antibiotics. The remaining 13 patients (59%) had infections that developed after decannulation. In Group TS, which included 15 patients (41% among SIRS phenomenon patients, 24% among all studied patients), no evidence of infection was found despite aggressive investigation of possible sources of infection including serial cultures and imaging tests. Demographics of Group I and Group TS are shown in Table 2 . Risk factor analysis showed that metabolic acidosis at the time of ECMO cannulation was less frequently observed in Group I than in Individual components of the SIRS phenomenon after decannulation of ECMO are shown in due to severe pneumonia which developed after ECMO decannulation), and the other two were related to cardiac arrest secondary to possible in-stent thrombosis after ECMO removal. The survival of those who had post-decannulation infection carrying over from ECMO was 78% (7/9), which was similar to that of those who developed new infections after ECMO removal (77%, 10/13).
Based on the SIRS phenomenon criteria, there were 25 patients who did not have the SIRS phenomenon. Among these patients without SIRS phenomenon, 10 patients (40%) had evidence of infection and 15 patients (60%) had no evidence of infection. The survival rates were 60% and 87%, respectively (p=0.126).
Discussion
This study showed a frequent incidence of the SIRS phenomenon including fever, elevation of WBC, and hypotension requiring vasopressors after decannulation of ECMO, even though none of these patients have the SIRS phenomenon before decannulation of ECMO. Almost all patients developed one of the three criteria of the post-decannulation SIRS phenomenon, and two-thirds of the patients fell under our definition of the SIRS phenomenon. Although risk factor analyses showed pre-ECMO high lactate and low alanine aminotransferase were associated with development of the SIRS phenomenon after ECMO decannulation, we believe this pre-ECMO metabolic disarrangement most likely does not contribute an essential role to the development of the SIRS phenomenon since these levels were normalized before decannulation (Table 1) . Thus, the risk factors for development of the postdecannulation SIRS phenomenon remain undetermined.
Among those who had the SIRS phenomenon, the patterns of fever, leukocytosis and vasopressor requirements were almost identical between those who had infection and those who did not, although the outcomes were significantly inferior in the patients who had infections compared to those who had true SIRS. Once patients developed the SIRS phenomenon after ECMO decannulation, it could continue for almost a week regardless of the presence of infection. However, a survival difference was clear based on the presence of infection. The only difference in the SIRS phenomenon criteria between Group I and TS was the highest WBC count. Patients with infection developed higher WBC counts; although patients with true SIRS also had elevated WBC count. Although leukocytosis is not specific to infection, a WBC count greater than 30,000 is more likely infectious in etiology. Extensive work up is necessary in these patients, and empiric antibiotics are recommended.
The high incidence of the post-ECMO decannulation SIRS phenomenon is unique and has not previously been noted in the literature. Although Aubron et al. demonstrated that bleeding is a frequent complication of ECMO, 6 our study showed that neither bleeding events or transfusion requirement did not significantly impact the development of SIRS or infections after ECMO decannulation.
Peri-operative antibiotics were used for 24 hours after ECMO decannulation, unless the patient had ongoing treatment for infection during or prior to the ECMO period. Identifying the infection shortly after ECMO decannulation may be challenging. Our study showed that among those who had the SIRS phenomenon, more than half (~ 60%) of the patients had a significant infection, which affected the 30-day Procalcitonin is a biomarker of infection and has been reported to be more specific than WBC count or Creactive protein. Based on our previous study, 7 the procalcitonin level used to identify infection was 2 ng/dl. 7 Among patients who had a procalcitonin level measured after ECMO decannulation, we found a trend of higher procalcitonin values in Group I than in Group TS, although the sample size was too small to conclude statistical significance. Since the procalcitonin value can be obtained as a point of care assay within hours of collection of the sample, procalcitonin may have a role in the early prediction of infection in patients with SIRS phenomenon after decannulation of ECMO.
This study has limitations due to a small sample size, single institution practice, and retrospective nature. Identification of infection was also a limitation. We defined infection as the presence of positive culture results; however, the culture results may be dependent on the use of antibiotics. The use of antibiotics in patients with the SIRS phenomenon was determined by the clinical judgment of a multidisciplinary intensive care team with infectious disease consultation. Since post-decannulation infection increased the mortality in this study, routine prolonged courses of broad-spectrum antibiotics could be considered to minimize the risk of the post-decannulation infection, although this incidence of surgical site infection in this study was minimal. Future multi-centered studies with larger patient populations would be necessary to further investigate this post-ECMO SIRS phenomenon, along with standardizing decannulation techniques, assessment of infection, and antimicrobial management strategies.
Conclusions
Both post-ECMO SIRS phenomenon (~60%) and post-decannulation infection (~60% including infection carried over during ECMO, and ~35% newly developed infection after ECMO decannulation)
were common in our single institution experience. The differentiation of infection from true SIRS was difficult and remains challenging. The outcomes of those who had infection after ECMO decannulation were poor, while 100% of true SIRS patients survived. The SIRS phenomenon after ECMO decannulation should be treated as infection until proven otherwise in order to optimize hospital outcomes. 
